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Computer image analysis was used to determine porosity volume in sandstones from Upper Silesia and Jura Krakowsko-Czestochowska.
Calibration of the data was made by comparison with the results of mercury injection capillary pressure methods. Image analysis can

=

yield many useful parameters. This study obtained chosen size parameters and diameters of equivalent area circles, calculated for all sam-
ples after 100 partial observations. Results obtained by image analysis are close to those measured by mercury injection capillary pres-
sure. They could complement standard mercury porosity measurements, and in some cases, replace them.
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INTRODUCTION

Quantitative image analysis of rock samples in thin-section
is mainly used to establish mineral composition, or in some
cases chemical composition (Muszer, 1998; Ratajczak et al.,
1998). Computer processing enables easy and rapid automatic
measurements.

This study tests computer image analysis in determining the
porosity volume of sedimentary rocks, calibrated against mer-
cury injection capillary pressure measurements (Labus, 1996).

Similar studies were undertaken by Le$niak (1999) and
Lesniak and Such (1999).

SAMPLING MATERIAL

This study used sandstone samples from Upper Silesia and
Jura Krakowsko-Czestochowska.

Samples 1 to 4 are from the Late Carboniferous sandstones
(the Orzesze beds) in the Mikotdw region. These are me-
dium-grained quartz sandstones, with an iron-clay-siliceous ce-

ment, reddish and light grey with yellow stripes. They show
random and fairly compact (samples 1 and 4) or compact (sam-
ples 2 and 3) textures. The grains are moderately sorted, and
variably rounded. They comprise grains of quartz, feldspars,
and muscovite, with biotite in sample 1. Two quartz varieties
are present, one of which is cataclased with strongly wavy ex-
tinction. The grains of quartz are poorly sorted, cracked,
sharp-edged, rarely slightly polished, 0.2— 0.3 mm in diameter.
There are also a few alkali feldspar grains, about 0.5 mm in di-
ameter, strongly degraded, cloudy and often kaolinised. Prod-
ucts of feldspar disintegration are components of the rock
cement. Some igneous or metamorphic rock fragments are also
visible; in sample 3 they are up to 0.6 mm in diameter. Lithic
fragments of quartzite and gneiss were distinguished; the latter
of quartz with rare biotite.

Samples 5-8 are of fine-grained and medium-grained sand-
stones, with a siliceous-clay cement. The rocks are of Early
Carboniferous Culm facies, from near Toszek. They are green-
ish-grey or dark grey, with obvious muscovite flakes. Grains
are poorly rounded and sorted, the quartz grains being strongly
cracked, 0.1-0.2 mm in diameter, reaching up to 0.5 mm in
sample 5. Lithic fragments with biotite and muscovite occur.
Plagioclase grains are commonly kaolinised. In sample 8 there
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Fig. 1. Contoured pore area in sample 2 (magnification x 100)

are also cloudy orthoclase grains, as well as small coal frag-
ments and occasional zircons.

Sample 9 is a Cretaceous sandstone, from an eroded klippe
of the Albian/Cenomanian age, found as loose rock blocks near
Miréw (Jura Krakowsko-Czestochowska). The sandstone is
coarse-grained, red-brown, massive, with a ferrous-clay-
siliceous cement. The quartz grains are poorly rounded and
well sorted, about 0.2-0.5 mm in diameter. There are occa-
sional lithic fragments.

COMPUTER IMAGE ANALYSIS

Porosity parameters were measured using a KS300 Imaging
System by Carl Zeiss Vision GmbH. Each of the microscope
slides was analysed at 100 places, each 0.5 mm apart. The ob-
served area visible on the computer monitor was 860 x 750 mm,
when x 100 magnification was used, and 430 x 375 mm with the
use of x 200 magnification. The images were transformed into
grey colours and segmented (using a threshold function). The
result of the segmentation was a histogram of the brightness of
the image pixels. Populations of different brightness were cho-
sen in an interactive operation, leading to a binary map of two
pixel populations — black and white. Dark pixels correlate
with pores in the rock, and were contoured (in Figure 1 the con-
tours are overlaid on to a colour image for clarity). Following
the contouring, some areas were eliminated manually, where
not all the dark areas were pores; such verification was possible

because of simultaneous observation of the microscope image
and the coloured image on the computer monitor.

The total porosity was calculated as a percentage of con-
toured (chosen) regions to total image area. Table 1 shows the re-
sults obtained using different magnifications (x 100 and x 200).

Table 1

Results of porosity measurements obtained
by computer image analysis

Pore area [%]
Sample image magnification

x 100 x 200
1 13.37 13.40
2 15.28 16.10
3 16.82 20.27
4 5.15 6.39
5 3.10 3.52
6 10.43 12.51
7 9.50 9.36
8 5.22 6.30
9 15.98 17.60
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Results of pycnometric and porosimetric analysis

Table 2

Pycnometer AccuPyc 1330 Porosimeter AutoPore 9220
Sample density total porosity | porosity obtained with | median pore | total pore area
[g/cm®] [%] mercury porosimeter diameter 2
[m/g]
[%] [mm]
1 2.30 12.32 10.92 0.81 0.24
2 2.26 15.67 13.60 0.33 0.73
3 2.22 15.81 13.62 0.42 0.58
4 251 5.25 4.88 0.26 0.30
5 2.56 3.68 3.48 0.10 0.55
6 2.43 9.26 8.40 0.28 0.49
7 2.43 9.62 8.78 0.21 0.70
8 2.55 4.43 4.16 0.02 2.14
9 2.46 14.46 12.29 0.04 1.28
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Fig. 2. Histogram of diameters of equivalent area circles for the sample 1
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Fig. 3. Cumulative intrusion curve — obtained using the mercury capil-
lary pressure method for the sample 7

a — increasing pressure, b — decreasing pressure, H — hysteresis; for
other explanations see text

Image analysis gave many useful parameters. These in-
cluded the maximum and minimum sizes of dark areas (pores)
in vertical and horizontal directions, as well as the diameter of
equivalent area circles. This last parameter is useful for com-
paring mercury porosimetric measurements, where pore diam-
eters are calculated.

Diameters of equivalent area circles was calculated for all
samples, after completing 100 partial observations. Results can
be given in tables or graphically. Figure 2 shows a histogram of
equivalentarea circles (“dcircle”), for sample 1 at x 200 magni-
fication.

RESULTS OF POROSIMETRIC AND PYCNOMETRIC
MEASUREMENTS

Porosimetric measurements were carried out using analyti-
cal equipment at the Oil and Gas Institute in Krakéw. The
pycnometer AccuPyc 1330 yielded rock density values. These
differed slightly from density values measured using mercury
injection capillary pressure apparatus: in the AccuPyc 1330 the
pore-filling medium is helium, and this gives higher values of
mass density (by about 0.1-0.2 g/cm?), than those obtained us-
ing the mercury porosimeter AutoPore 9220. Using these val-
ues it is possible to calculate a “total porosity”; in the Table 2,
this lies near the porosity value obtained using the porosimeter.
The two values differ because small pores have not been pene-
trated by the mercury.

The AutoPore 9220 results include:

— total mercury intrusion volume;

— total pore area;

— median pore diameter;

— average pore diameter;

— apparent (skeletal) density;

— bulk density.

Porosity values can be calculated using skeletal and bulk
densities.

The chart obtained (Fig. 3) is a cumulative intrusion curve
of pore volume versus diameter, in increasing and decreasing
pressure regimes. Figure 3 shows the diagram for the sample 7.
The logarithmic x-axis is for pore diameter (mm). The y-axis is
scaled in millilitres of the mercury injected into the pore space
per 1 g of rock (ml/g). The total volume of the mercury injected
is proportional to the total effective porosity of the sample.
Point (0.0) marks the beginning of the cumulative curve for in-
creasing pressure a, while b — represents the curve obtained as
pressure decreases. The latter reflects the difference between
the shape of the real pore space and a presumed cylindrical
shape. The nearer the both curves are (the hysteresis H is
smaller), the closer is the pore space analysed to a cylindrical
shape, implying that the pores are connected to enable liquid
transport. If curve b is located significantly higher than curve a
(as in Fig. 3) then significant amounts of capillary pores are in-
dicated in the sample tested. Where curve b lies significantly
beneath curve a it may be assumed that there are a lot of bulk
pores with reduced liquid flow in one direction only.

CONCLUSIONS

The results obtained by image analysis (Tab. 1) are close to
those obtained using mercury injection (Tab. 2). In case of
coarse- and medium-grained samples (1-4 and 9) the porosity
calculated using microscope observations is usually a little
higher than that measured with the pycnometer AccuPyc 1330.
In case of fine-grained sandstones (samples 5-8) such a rela-
tionship was not observed.

The porosity values calculated at x 100 magnification are
mostly lower than the ones calculated at x 200 magnification
(Tab. 1), the latter diverging more from the pycnometer results
shown in Table 2. This is probably caused by the greater mag-
nification revealing smaller pores (dark areas), which do not in-
fluence the real rock porosity (effective porosity). Thus the
results obtained using x 100 magnification are more clear-cut
and useful.

Porosimetric analysis obtains additional parameters, such
as permeability. Nevertheless, computer image analysis can
usefully complement porosimetric measurements, and in some
cases replace them.

The computer image analysis provides rapid, reproducible
measurements, and gives a range of parameters in the form of
tables or/and graphs. Problems image area selection can be re-
solved, as shown above. The results of this study confirm the
value of this technique.
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